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(57) [Abstract] 

[Problem to be solved] To obtain a polarizing plate which has excellent 
polarization characteristics, excellent durability in a high-temperature and high- 
humidity state, and capable of exhibiting various kinds of functions. 

[Solution] In the relation between the thickness (a) of a polarizing film of the 
polarizing plate formed by laminating a protective film on one surface of the 
polarizing film and the thickness of the protective film, (a)/(b) satisfies 1/5 to 1/1. 

[CLAIMS] 

[ Claim 1 ] A polarizing plate comprising a polarizing film and a protective film 
laminated on at least one surface of the polarizing film, wherein (a)/(b) satisfies 
1/5 to 1/1 when (a) denotes a thickness of the polarizing film and (b) denotes a 
thickness of the protective film. 

[ Claim 2] The polarizing plate according to claim 1, further comprising a tacky 
adhesive layer outside of the protective film, wherein (a)/(c) satisfies 1/3 to 2/1 
when (a) denotes a thickness of the polarizing film and (c) denotes a thickness of 
the tacky adhesive layer. 

[ Claim 3] The polarizing plate according to claim 1 or 2, wherein the 
polarizing film comprises a polyvinyl alcohol-based film having an average 
polymerization degree ranging from 2500 to 6000. 

[ Claim 4] The polarizing plate according to claim 1, wherein a function layer is 
formed on the outside of the protective film. 

[ Claim 5] The polarizing plate according to claim 4, wherein the function layer 
comprises at least one layer selected from the group consisting of an anti-glare 
layer, a hard-coat layer, an antireflection layer, a half-reflection layer, a 
reflection layer, a luminous layer, an electroluminescence layer, and a light 
diffusion layer. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 
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[Technical field to which the invention pertains] The present invention relates 
to a polarizing plate, more specifically, a polarizing plate having excellent optical 
durability (contrast retention) in a high-temperature and high-humidity state, 
and also a polarizing plate provided with a function layer. 

[0002] 

[Prior art] Liquid crystal displays have been used for electronic calculators, 
electronic clocks, word processors, and instruments of automobiles/machines. 
Such liquid crystal displays comprise polarizing plates. An example of the 
polarizing plates is made by laminating a protective layer of a cellulose-based 
film, e.g., a cellulose triacetate film on both surfaces of a polarizing film such as a 
polyvinyl alcohol film provided with a polarization characteristic as a result of 
treatments such as stretching and dyeing. 

[0003] 

[Problem to be solved by the invention] However, as a result of recent 
development in the concerning techniques, polarizing plates are required to have 
excellent optical durability. Such polarizing plates can prevent degradation in 
the contrast (parallel transmittance/orthogonal transmittance) even in a high- 
temperature and high-humidity state. 

[0004] 

[Means for solving the problem] In view of the above-mentioned state-of-the- 
art, the inventor earnestly made a study of the thickness of the polarizing film 
and of the protective film to obtain the present invention. For a polarizing plate 
comprising a polarizing film and a protective film laminated on at least one 
surface of the polarizing film, an excellent optical durability was obtained when 

(a) /(b) satisfied 1/5-1/1. Here, (a) denotes a thickness of the polarizing film and 

(b) denotes a thickness of the protective film. The excellent optical durability 
means that contrast (parallel transmittance/orthogonal transmittance) does not 
deteriorate even in a high-temperature and high-humidity state. Even when 
various function layers were laminated, the function layers exhibited the 
respective functions sufficiently. A polarizing plate in the present invention 
denotes an optical laminate comprising a polarizing film having a protective film 
on at least one surface thereof. The thickness unit in the present invention is 

[0005] 

[Mode for carrying out the invention] The present invention will be explained 
in detail below. A polarizing film used in the present invention is selected from, 
for example, a polyvinyl alcohol-based film, an ethylene vinyl alcohol-based film, 
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a cellulose-based film, and a polycarbonate-based film . From the aspect of the 
processability or the like, a polarizing film of a polyvinyl alcohol-based resin is 
used preferably. The following explanation is based on a polyvinyl alcohol-based 
film, though the present invention will not be limited thereto. 

[ 0006] A typical polyvinyl alcohol-based resin is produced by saponifying 
polyvinyl acetate prepared by polymerization of vinyl acetate, which is not 
limitative. In the present invention, the resin can contain a small amount of 
ingredients that can be copolymerized with vinyl acetate, e.g., unsaturated 
carboxylic acids (including salts, esters, amides, and nitryls), olefins, vinyl ethers, 
and unsaturated sulfonic acid chlorides. Other examples include so-called 
polyvinyl acetal resins and also polyvinyl alcohol-based resin derivatives, though 
the examples are not limitative. The polyvinyl acetal resins include polyvinyl 
formal resin and polyvinyl butyral resin prepared by a reaction of polyvinyl 
alcohol-based resins with aldehydes under an existence of acids. Among them, 
polyvinyl alcohols (-based resins) having high saponification degree and high 
polymerization degree are preferred because the alcohols have excellent heat 
resistance. Preferable saponification degree is at least 95 mol%, more preferably, 
at least 99 mol%, and most preferably, at least 99.5 mol%. (Average) 
polymerization degree is preferred to be 2500-6000, more preferably, 2500-5000, 
and most preferably, 2500-4000. 

[ 0007] In production of a polarizing film comprising such a polyvinyl alcohol- 
based resin, the polyvinyl alcohol-based resin is dissolved in water or in an 
organic solvent. The solution is flowed to make a film that is then stretched and 
dyed with iodine. Alternatively, stretching and dyeing are performed 
simultaneously, or stretching is followed by iodine dyeing and further followed by 
a treatment with a boron compound. A protective film to be adhered to the 
polarizing film can be selected from conventional protective films used for 
polarizing films, without any specific limitations. In general, the protective film 
is selected from cellulose-based films, and the cellulose-based films are made 
from at least one or more of cellulose diacetate, cellulose triacetate, cellulose 
tripropyonate, cellulose tributyrate, and so on. Among them, cellulose triacetate 
is used preferably. The polarizing film and the protective film (cellulose-based 
film) can be laminated by adhering in a method such as air-drying, chemical 
hardening, thermal hardening and thermal melting, by using an adhesive or a 
tacky adhesive based on natural/synthetic rubbers, acrylic resin, butyral-based 
resin, epoxy-based resin, polyester-based resin, polyamide-based resin, and 
polyvinyl alcohol based resin. 
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[ 0008] The thus obtained polarizing plate has a laminate of protective 
film/polarizing film, protective film/polarizing film/protective film, or the like. 
The present invention is characterized most by a relation represented by (a)/(b) = 
1/5-1/1 where (a) denotes a thickness of the polarizing film and (b) denotes a 
thickness of the protective film. Preferably, (a)/(b) = 1/3-1/1. When (a)/(b) is less 
than 1/5 or exceeds 1/1, the contrast retention deteriorates, and the effects of the 
present invention will not be obtainable. In the present invention, there is no 
specific limitation on the thickness of the polarizing film or the protective film 
(cellulose-based film) as long as the film thickness can be set or selected 
arbitrarily to satisfy (a)/(b) = 1/5-1/1. In general, the thickness (a) of the 
polarizing film is about 1-200 Jim (preferably 5-100 jj.m), and the thickness (b) of 
the protective film is about 10-200 \im (preferably 30-100 jim). When protective 
films are formed on both surfaces of a polarizing film, the polarizing film and at 
least each of the protective films should satisfy this thickness requirement. It is 
further preferable that the respective protective films on the both surfaces satisfy 
the relation. 

[0009] It is further preferable in the present invention that the values (ratios) 
of parallel transmittance/orthogonal transmittance of the thus obtained 
polarizing film (polarizing plate) are at least 2000 when the wavelengths is 460 
nm and 640 nm. The value of the parallel transmittance/orthogonal 
transmittance can be controlled by repeating a dyeing step twice or more in 
manufacture of the polarizing film. Alternatively, temperature and period in a 
boron compound treatment will be adjusted, or stretching will be carried out at 
an adjusted speed in the boron compound treatment, though these methods are 
not limitative. 

[0010] The thus obtained polarizing plate comprises a protective film 
(cellulose-based film), and the protective film is provided with a tacky layer on 
the surface so as to be adhered to a glass substrate of a liquid crystal display or 
the like in use. It is useful in the present invention that the relation between a 
thickness (c) of the tacky adhesive layer and a thickness (a) of the polarizing film. 
Preferably, it is represented as (a)/(c) = 1/3-2/1, more preferably, (a)/(c) = 1/2-2/1. 
When the (a)/(c) is less than 1/3 or it exceeds 1/2, problems will occur, for 
example, the polarizing film is curled to cause optical strains. There is no 
specific limitation on the thickness (c) of the tacky adhesive layer as long as it 
satisfies the above-mentioned relation. In general, it is about 1-100 Jim 
(preferably, 5-50 \im). The above-mentioned relation will be applied to a 
polarizing plate having tacky adhesive layers on both surfaces. The tacky 
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adhesive can be selected appropriately from known acrylic tacky adhesives based 
on acrylic resins. Such an acrylic resin comprises a main monomer component 
being soft and having a low glass transition point; a co-monomer component 
being hard and having a high glass transition point; and further, a small amount 
of monomer component containing a functional group, if required. 

[0011] Specific examples of the main components include alkyl ester acrylate 
having an alkyl group of about 2-12 carbons, such as ethyl acrylate, n-butyl 
acrylate, isobutyl acrylate, 2-ethylhexyl acrylate, lauryl acrylate, benzyl acrylate, 
and cyclohexyl acrylate; and alkyl ester methacrylate having an alkyl group of 
about 4-12 carbons, such as n-butyl methacrylate, isobutyl methacrylate, 2- 
ethylhexyl methacrylate, lauryl methacrylate, benzyl methacrylate, and 
cyclohexyl methacrylate. Examples of the co-monomer components include alkyl 
ester methacrylate having an alkyl group of about 1-3 carbons, such as methyl 
acrylate, methyl methacrylate, ethyl methacrylate, and propyl methacrylate; and 
further, vinyl acetate, acrylonitrile, methacrylonitrile, and styrene. 

[0012] The monomer components containing functional groups include 
monomers containing carboxyl groups of monocarboxylic acids such as acrylic 
acid, methacrylic acid and crotonic acid; polycarboxylic acids such as maleic acid, 
fumaric acid, citraconic acid, glutaconic acid and itaconic acid; and anhydrates 
thereof. Furthermore, the components include monomers containing hydroxyl 
groups such as 2-hydroxyethyl (meth)acrylate, 2-hydrocypropyl (meth)acrylate, 
3-chloro-2-hydroxypropyl (meth)acrylate, diethylene glycol mono(meth)acrylate, 
and N-methylolacrylamid or the like; and (meth)acrylamid, dimethylaminoethyl 
methacrylate, glycidyl methacrylate, and allyl glycidyl ether. 

[0013] Among the monomer components containing functional groups, 
monomers containing carboxyl groups are preferred especially. It is difficult to 
define indiscriminately content of the main monomer components, since it varies 
depending on kinds and contents of other co-monomer components and monomer 
components containing functional groups. In general, content of the main 
monomer is preferred to be 50 weight % or more. An acrylic resin of the present 
invention can be produced in a well-known method, for example, by radically co- 
polymerizing in an organic solvent a main monomer, a co-monomer, and even a 
monomer containing a functional group if required. 

[0014] The organic solvent used for the polymerization is selected from, for 
example, aromatic hydrocarbons such as toluene and xylene, esters such as ethyl 
acetate and butyl acetate, aliphatic alcohols such as n-propyl alcohol and 
isopropyl alcohol, and ketones such as methylethyl ketone, methylisobutyl 
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ketone, and cyclohexanone. Specific examples of the polymerization catalysts 
include ordinary radical polarization catalysts such as azobisisobutyronitrile, 
benzoyl peroxide, di-t-butyl peroxide, and cumene hydroperoxide. 

[0015] If required, 0.001-5 weight % of additives such as a crosslinking agent, 
a coupling agent (silicone, aluminum, titanium) are mixed with the acrylic resin 
so as to provide a final product of an acrylic tacky adhesive for glass substrate. 
Examples of the crosslinking agent include isocyanate-based compounds, epoxy- 
based compounds, aldehyde-based compounds, amine compounds, metal salts, 
metalalkoxides, metal chelate compounds, ammonium salts and hydrazine 
compounds. Content of such a crosslinking agent is about 0.001-8 weight parts 
for 100 weight parts of the acrylic resin. In this manner, a polarizing plate 
provided with a tacky adhesive layer is obtained. It is also useful in the present 
invention that various function layers are laminated on the outside the 
protective film (opposite to the surface provided with the tacky adhesive layer) so 
as to provide a polarizing plate with function layers. 

[0016] Specific examples of such function layers include an anti-glare layer, a 
hard-coat layer, an antireflection layer, a half-reflection layer, a reflection layer, 
a luminous layer, and an electroluminescence layer. At least two of these layers 
can be combined, for example, a luminous layer and a reflection layer, a 
luminous layer and a half-reflection layer, a luminous layer and a light diffusion 
layer, a luminous layer and an electroluminescence layer, a half-reflection layer 
and an electroluminescence layer, an anti-glare layer and an antireflection layer, 
though these combinations are not limitative. 

[0017] An anti-glare layer is provided for improving display by diffusing 
reflected images of fluorescent lamps or the like on the polarizing plate surface, 
or for preventing contamination such as fingerprints. Specifically, the anti-glare 
layer is made of a thermosetting resin or energy-ray setting resin, and applied on 
a surface of a cellulose-based film by using a known method such as bar coating, 
roll coating, gravure coating, and air knife coating. The thermosetting resin is 
selected from, for example, a melamine-based resin, a urethane-based resin, an 
acrylic resin, an alkyd-based resin, and a silicone-based resin, while an example 
of the energy-setting resin is a polyfimctional acrylic resin and it is cured by 
means of ultraviolet rays or electron beams. The resin is blended with an 
organic filler such as silica beads having a particle diameter of 1-20 \im or with 
an organic filler such as acrylic matters, styrene, divinylbenzene, melamine, and 
benzoguanamine. The anti-glare layer has a thickness of about 1-20 \im. 
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[ 0018] A hard-coat layer is provided for making the surface hardness equal to 
or greater than H (pencil hardness) to provide excoriation resistance. 
Specifically, the main component is a polyfunctional acrylic resin or a 
thermosetting resin such as a melamine-based resin, a urethane-based resin, an 
acrylic resin, an alkyd-based resin, and a silicone-based resin. It contains also a 
resin that sets by an energy ray provided by either an ultraviolet ray or an 
electron beam, and also a metal oxide such as Si0 2 . A layer made of a resin can 
be formed on a surface of a cellulose-based film by using a known method such 
as bar coating, roll coating, gravure coating, and air knife coating. Vacuum 
deposition is used preferably for a layer made of a metal oxide. The hard-coat 
layer has a thickness of about 1-20 jxm. 

[0019] An antireflection layer is provided to suppress reflection of outdoor 
daylight on a surface of the polarizing plate so as to improve the display. Such 
an antireflection layer is made of a fluorine-base resin or a metal oxide such as 
Si0 2 , MgF 2 , Zr0 2 , A10 3 , and Ti0 2 , and it is formed on a surface of a cellulose- 
based film. An antireflection later made of a resin is coated by a known method 
such as bar coating, roll coating, gravure coating, and air knife coating. Vapor 
deposition is used preferably for an antireflection later made of a metal oxide. In 
many cases, such a metal oxide is laminated to form at least two layers. The 
antireflection layer has a thickness of about 0.05-1 fim. It is also effective to 
combine an antireflection layer and an anti-glare layer. 

[0020] A half-reflection layer is provided to save power. It uses outdoor light 
in the daytime while it uses transmitted light from a backlight in order to 
display at night. There is no specific limitation on the method of producing the 
layer. In the process, a tacky adhesive containing transparent and/or 
translucent particles are used. The particles are made of fine mica/pearl 
pigments, glass articles, or plastic articles. The fine mica is selected from scale- 
shaped mica, mica coated with titanium dioxide, plate-shaped fish scale foil, 
hexagonal-plate-shaped basic lead carbonate, bismuth chloride, and so on. The 
glass articles include micro-fine glass beads and glass powder. The plastic 
articles include plastic chips and plastic powder. By using the tacky adhesive, a 
polarizing plate is bonded to a plastic layer having optical transparency, e.g., a 
(meth)acrylic resin, acetate, polycarbonate, polyester or polyurethane. 
Alternatively, a polarizing plate is bonded through a tacky adhesive to a film 
that is prepared by covering a surface of a plastic layer with the transparent 
and/or translucent particles. A polarizing plate provided with such a half- 
reflection layer is used for a polarizing plate arranged under an actual liquid 
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crystal panel. A cellulose-based film having no half-reflection layer is bonded to 
a liquid crystal panel so that the half-reflection layer becomes a lower layer. 

[ 0021] A reflection layer is provided to display by using reflection of outdoor 
daylight, so that a backlight can be omitted. Specifically, the reflection layer is 
prepared by depositing a metal having a high reflection, such as aluminum or 
silver, on a substrate such as cellulose acetate-based film (e.g., cellulose 
triacetate film) or polyethylene terephthalate (PET). The reflection film is 
bonded through a tacky adhesive to a polarizing plate (one of the cellulose-based 
film) The polarizing plate provided with the reflection layer is used for a lower 
polarizing plate of a liquid crystal panel. A cellulose-based film having no 
reflection layer is bonded to a liquid crystal panel so that the reflection layer 
becomes a lower layer. 

[0022] A luminous layer is provided to store light in the daytime for nighttime 
displaying without backlight. Typically, a green phosphor is used. This is based 
on zinc sulfide or calcium sulfide comprising copper as an activator. Further, the 
zinc sulfide is mixed with a fusing agent and fired. An alternative is a 
spontaneous-emitting luminous paint prepared by adding to a luminous paint a 
small amount of element radiating a and/or p rays such as radium or strontium. 
Such a luminous layer is coated on each of the surfaces (one of the cellulose- 
based films) of the polarizing plate together with a binder resin such as an 
acrylic resin. A polarizing plate provided with such a luminous layer is used for 
a lower polarizing plate of a liquid crystal panel. A cellulose-based film having 
no luminous layer is bonded to a liquid crystal panel so that the luminous layer 
becomes a lower layer. It is effective as well to provide a reflection layer to the 
lower side of the luminous layer or to interpose a half-reflection layer between 
the luminous layer and the polarizing plate. 

[0023] An electroluminescence layer is provided to replace a conventional 
backlight for the purpose of reduction in weight and thickness. Practically, the 
layer is arranged as a lower layer of the lower polarizing plate of a practical 
liquid crystal panel. An electroluminescence layer is made of an 
inorganic/organic material. An example of the inorganic material is phosphor 
particles such as zinc sulfide. Examples of the organic material include tris(8- 
quinolinolato) aluminum complex and bis(benzoquinolinolato) beryllium complex. 
In use, an ITO electrode is provided onto a surface of the electroluminescence 
layer (polarizing plate side) while a dielectric layer and a back electrode are 
provided onto the other surface in order to carry current through the ITO 
electrode and the back electrode for fight emission. It is also effective to 
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interpose either a luminous layer or a half-reflection layer between the 
electroluminescence layer and the polarizing plate. 

[ 0024] A polarizing plate according to the present invention is provided with 
the above-mentioned various function layers, and each of the functional layers 
can be combined with other function layers. As a result, the polarizing plate has 
excellent optical performance, and it provides superior durability in a high- 
temperature and tagh-humidity state. 

[0025] The polarizing plate according to the present invention has excellent 
polarizing characteristics. Various function layers can be laminated on the 
polarizing plate so as to provide excellent durability in a high-temperature and 
high-humidity state and to exhibit the respective functions sufficiently. Such 
polarizing plates can be used for electronic calculators, electronic clocks, word 
processors, and instruments of automobiles/machines, sunglasses, goggles, 
stereoscopic glasses, reflection-reducing layers for display elements (e.g., CRT, 
LCD), medical equipment, building materials, and toys. Particularly, the 
polarizing plates are useful for liquid crystal displays used for instruments of 
automobiles or machines. 

[0026] 

[Examples] Polarizing plates of the present invention will be described in 
detail by referring to Examples. All percentages in the Examples are by weight 
unless indicated otherwise. A polarization degree in the present invention is 
represented by the following formula: 
[(H n - HO / (H u + Hj)] 172 x 100 (%). 
Here, H n denotes transmittance (%) obtained by a measurement with a 
spectrophotometer in a state that two samples of polarizing films are laminated 
to be oriented in an identical direction. H x denotes transmittance (%) obtained 
by a measurement with a spectrophotometer in a state that two samples of 
polarizing films are laminated to be oriented orthogonally. 

[0027] (Example 1) 
A polarizing plate of the present invention comprises a polyvinyl alcohol-based 
polarizing film having a thickness of 25 ^m (a). The film has an average 
polymerization degree of 3500, an average saponification degree of 99.5 mol%, 
stretched five times, and parallel transmittance/orthogonal transmittance (ratio) 
in wavelengths of 460 nm and of 640 nm is 2400. Protective films are adhered to 
the both surfaces of the polarizing film by using a polyvinyl alcohol-based 
adhesive (3% aqueous solution; thickness of the dried application is 0.01 nm). 
The protective films are cellulose triacetate-based film having a thickness of 50 
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fxm (b). The polarizing film with the protective films is dried for one minute at 
100°C so as to obtain a polarizing plate of the present invention. ((a)/(b) = 25 
jo.m/50 jxm = 1/2) The thus obtained polarizing plate was measured in the 
contrast (parallel transmittance/orthogonal transmittance) by means of an 
instrument for measuring high-speed multiwavelength birefringence (RETS- 
2000 produced by Otsuka Electronics Co., Ltd.; measured wavelength is 460 run), 
and the value was 2400. Next, durability of the polarizing plate was checked in 
the following manner. First, the polarizing plate was subject to 10 cycles of 
exposing for 30 minutes under a condition of 65°C, 95% RH and then exposing 
for 30 minutes under a dried condition of 55°C. After the cycles, the polarizing 
plate was measured in the above-mentioned manner. The contrast retention 
was about 63% at 1500. 

[0028] (Example 2) 
A polarizing plate was obtained in the same method of Example 1, except that 
the thickness (a) of the polarizing film was 10 \im ((a)/(b) = 10 (im/30 \im = 1/3). 
The polarizing plate was evaluated in the same manner of Example 1. 

[0029] (Example 3) 

A polarizing plate was obtained in the same method of Example 1, except that an 
acrylic tacky adhesive layer (thickness of 50 ^.m) was formed on the outer surface 
of the protective film. The polarizing plate was evaluated in the same manner of 
Example 1. 

[0030] (Comparative Example 1) 
A polarizing plate was obtained in the same method of Example 1, except that 
the thickness (a) of the polarizing film was 10 \im and the thickness (b) of the 
protective film was 60 ((a)/(b) = 10 jxm/60 ^m = 1/6). The polarizing plate was 
evaluated in the same manner of Example 1. 

[0031] (Comparative Example 2) 
A polarizing plate was obtained in the same method of Example 1, except that 
the thickness (a) of the polarizing film was 20 [im and the thickness (b) of the 
protective film was 15 jim ((a)/(b) = 20 p.m/15 = 1/0.7). The polarizing plate 
was evaluated in the same manner of Example 1. 

[0032] (Comparative Example 3) 
A polarizing plate was obtained in the same method of Comparative Example 2, 
except that the polarizing plate had a parallel transmittance/orthogonal 
transmittance (ratio) of 1800 in the wavelengths of 460 nm and 640 nm. The 
polarizing plate was evaluated in the same manner. The test results of the 
Examples and Comparative Examples are shown in Table 1. 
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[Table l] 





Contrast* (parallel transmittance/orthogonal transmittance) 




Before treatment 


After treatment 


Retention (%) 


Example 1 


2400 


1500 


63 


Example 2 


2200 


1350 


61 


Example 3 


2300 


1300 


56 


Com. Ex. 1 


2400 


700 


29 


Com. Ex. 2 


2200 


600 


27 


Com. Ex. 3 


1800 


300 


17 



* Wavelength in the measurement of contrast is 460 nm. 

[0033] (Example 4) 
A function layer as indicated in Table 2 was formed on one surface of each of the 
polarizing plates obtained in Example 1 in order to evaluate performance of the 
polarizing plates with various function layers. 
(Anti-glare layer) 

(1) Diffusion property of a fluorescent lamp 

An image of a fluorescent lamp was reflected on the polarizing plate to evaluate 
display grade based on the following criterion. 

A) Shape of the fluorescent lamp is not recognizable. 

B) Shape of the fluorescent lamp is recognizable. 

(2) Change in haze value 

Haze values of the polarizing plates were measured under the condition and 
evaluated based on the following criterion. 
O) Haze value is changed by less than 30% after exposure, 
x ) Haze value is changed by at least 30% after exposure. 
[0034] (Hard-coat layer) 

(1) Excoriation resistance 

After rubbing surfaces of the respective polarizing plates 10 times with steel wool 

at 1 kg/cm 2 , scratches on the surfaces were checked and evaluated based on the 

following criterion. 

O) Scratches are not recognized. 

x ) Scratches are recognized. 

(2) Surface pencil hardness 

Surface hardness of the polarizing plates was measured in conformance with JIS 
K 5400, and evaluated based on the following criterion. 
O) Surface hardness is equal to or more than H. 
x) Surface hardness is less than H. 

[0035] (Antireflection layer) 
(1) Reflection of a fluorescent lamp 
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An image of a fluorescent lamp reflected on the surface of each polarizing plate is 
checked to determine whether the image deteriorates the display performance. 

A) Reflection of a fluorescent lamp does not inhibit display 

B) Reflection of a fluorescent lamp inhibits display 
(2) Surface reflection 

Reflection was measured before and after exposing the polarizing plates under 
the above-mentioned condition, and evaluated based on the following criterion. 
O) Reflection is changed by less than 30% after exposure, 
x) Reflection is changed by at least 30% after exposure. 
[0036] (Half-reflection layer) 

(1) Actual display grade in the daytime and nighttime 

Displays of the polarizing plates were evaluated based on the following criterion 
in the daytime and nighttime. 

A) Displays can be recognized in a short time both in the daytime and nighttime. 

B) Displays cannot be recognized in a short time either in the daytime or 
nighttime. 

(2) Transmittance 

Transmittance was measured before and after exposing the polarizing plates 
under the above-mentioned condition and evaluated based on the following 
criterion. 

O) Transmittance is changed by less than 30% after exposure, 
x ) Transmittance is changed by at least 30% after exposure. 

(3) Reflection 

Reflection was measured before and after exposing the polarizing plates under 
the above-mentioned condition and evaluated based on the following criterion. 
O) Reflection is changed by less than 30% after exposure, 
x) Reflection is changed by at least 30% after exposure. 
[0037] (Reflection layer) 

(1) Actual display grade in the daytime 

Displays of the polarizing plates were evaluated based on the following criterion 
in the daytime. 

A) Displays can be recognized in a short time. 

B) Displays cannot be recognized in a short time. 

(2) Reflection 

Reflection was measured before and after exposing the polarizing plates under 
the above-mentioned condition and evaluated based on the following criterion. 
O) Reflection is changed by less than 30% after exposure. 
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x) Reflection is changed by at least 30% after exposure. 
[0038] (Luminous layer) 

(1) Actual display grade in the nighttime 

Displays of the polarizing plates were evaluated based on the following criterion 
in the nighttime. 

A) Displays can be recognized. 

B) Displays cannot be recognized. 

(2) Surface luminance 

Luminance was measured before and after exposing the polarizing plates under 
the above-mentioned condition and evaluated based on the following criterion. 
O) Luminance is changed by less than 30% after exposure, 
x ) Luminance is changed by at least 30% after exposure. 
[0039] (Electroluminescence layer) 

(1) Actual display grade in the nighttime 

Displays of the polarizing plates were evaluated based on the following criterion 
in the nighttime. 

A) Displays can be recognized in a short time. 

B) Displays cannot be recognized in a short time. 

(2) Surface luminance 

Luminance was measured before and after exposing the polarizing plates under 
the above-mentioned condition and evaluated based on the following criterion. 
O) Luminance is changed by less than 30% after exposure, 
x ) Luminance is changed by at least 30% after exposure. 

[0040] 

[Table 2] 
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Function layer 


Function layer structure 


Thickness dim) 


(1) AG layer 


Coating an acrylic resin blended with 1% of a silica filler 
having a particle diameter of 3 jim 


5 


(2) HC layer 


Coating an acrylic resin 


1 


(3) AK layer 


Coating a fluorine-based resin 


U.l 


(4) HR layer " 


Coating an acrylic resin blended with 10% of mica coated 
with titanium dioxide 


10 


(5) GR layer 


Laminating a PET film on which silver is evaporated 


1 


(6) Luminous layer 


Coating an acrylic resin blended with a luminous 
material comprising 5% of zinc sulfide and 5% of copper 


5 


(7) EL layer 


Coating a PET film with an acrylic resin blended with 5% 
of bis(bensoquinolinolato) beryllium complex, and further 
laminating a transparent electrode formed by means of 
ITO 


5 



Note: AG layer is an anti-glare layer; HC layer is a hard-coat layer; AR layer is an 
antireflection layer; HR layer is a half-reflection layer; a GR layer is a reflection layer; EL 
layer is an electroluminescence layer; and PET is polyethylene terephthalate. 

[0041] Evaluation results in Example 4 are shown in Table 3. 
[Table 3] 





Evaluation criteria for functional layers 




(i) 


(2) 


(3) 


(1) 


A 


O 




(2) 


O 


O 




(3) 


A 


o 




(4) 


A 


o 


O 


(5) 


A 


o 




(6) 


A 


o 




(7) 


A 


o 





Note: Evaluations (l)-(3) in the table represent the respective criteria of the above- 
mentioned evaluation. 

[0042] 

[ Effect of the invention] In a polarizing plate according to the present 
invention, a relation in thickness between the polarizing film and the protective 
film is controlled for particular uses. Therefore, the polarizing plate has 
excellent polarizing characteristics and excellent durability in a high- 
temperature and Mgh-hiimidity. Each function layer in the laminate exhibits 
the performance sufficiently. Such polarizing plates can be used for electronic 
calculators, electronic clocks, word processors, and instruments of automobiles or 
machines, sunglasses, goggles, stereoscopic glasses, and reflection-reducing 
layers for display elements (e.g., CRT, LCD). Particularly, the polarizing plate is 
useful for instruments of automobiles or machines. 
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